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Seismic behavior of an existing historic masonry building in Nepal is simulated. Results for two input ground motions 
with different exceedance probabilities, three cases with different strength of brick-to-brick connections, and two cases 
of different stiffness of ring beams are compared. In the simulation, the building does not get severe damage by the 
ground motion with the exceedance probability of 10% in 50 years, but falling down of structural elements occurs for 
that of 5%. It is found that structural damage can be reduced by inputting vertical columns and increasing the strength. 
It was also found that softer ring beams can reduce damage if the structure has sufficient strength to behave as a whole. 
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ࡅࡑ࡜ࡗㅧጊᏪߩ৻ㇱߦ૏⟎ߔࠆࡀࡄ࡯࡞࡮ࠞ࠻ࡑࡦ࠭ࡃ࡟࡯ (Kathmandu Valley)ߪޔࠞ࠻ࡑࡦ࠭
(Kathmandu)ޔࡄ࠲ࡦ(Patan)ޔࡃࠢ࠲ࡊ࡞(Bhaktapur)ߣ޿߁ਥⷐߥ3ߟߩ࿾඙߆ࠄᚑࠆࡀࡄ࡯࡞ᢥൻߩਛᔃ࿾
ߢ޽ࠆ߇ޔ࿾㔡ᄙ⊒࿾Ꮺߦ૏⟎ߔࠆ߇ࠁ߃ߦ૗਎♿ߦ߽ᷰߞߡᱧผ⊛ߥᑪㅧ‛ߩᶖ㐳߇➅ࠅ㄰ߐࠇߡ޿ࠆޕ
․ߦ1934ᐕߦࠞ࠻ࡑࡦ࠭ࠍⷅߞߚࡑࠣ࠾࠴ࡘ࡯࠼8ࠍ⿧߃ࠆᄢ࿾㔡ߢߪޔᄙߊߩኹ㒮߿ࡕ࠾ࡘࡔࡦ࠻ߥߤߩ
ᢥൻㆮ↥߇ߎߣߏߣߊ⎕უߐࠇߚ1)ޕ
ࠞ࠻ࡑࡦ࠭ࡃ࡟࡯ߪ1979ᐕߦUNESCO߆ࠄ਎⇇ㆮ↥࿾඙(World Heritage Site)ߦᜰቯߐࠇߚ߇ޔㇺᏒൻ࡮໡
ᬺൻߦ઻ߞߡޔવ⛔⊛ߥⅽደᩮࠍ᦭ߔࠆ⚵Ⓧㅧ߿⚵Ⓧㅧߣᧁㅧߣߩᱧผ⊛ⶄว᭴ㅧ‛ߩขࠅუߒ߿ޔഠᖡߥ
ࠦࡦࠢ࡝࡯࠻ᑪ‛ߩᑪ⸳߿Ⴧ▽ߥߤ߇ടㅦߒߚޕߘߩߚ߼ޔ2003ᐕߦෂᯏㆮ↥࡝ࠬ࠻ߦ⊓㍳ߐࠇߚޕߘߩᓟޔ
਎⇇ㆮ↥ᆔຬળߣࡀࡄ࡯࡞᡽ᐭ㑐ㅪ⋭ᐡߩദജ߇㊀ߨࠄࠇޔ2007ᐕߦෂᯏㆮ↥࡝ࠬ࠻߆ࠄᄖߐࠇߚ2)ޕ
ߒ߆ߒޔߎߩࠃ߁ߥᢥൻㆮ↥଻⼔ߩⷰὐ߆ࠄߩᡷༀദജ2)ߪߥߐࠇߡߪ޿ࠆ߽ߩߩޔߎߣ࿾㔡ἴኂ߆ࠄߩ
ᱧผ⊛ᑪㅧ‛ߩ଻⼔ߪචಽߣߪ޿߃ߥ޿ޕ⃻ሽߔࠆᱧผ⊛ߥࡕ࠾ࡘࡔࡦ࠻߿ኹ㒮ᑪ▽ޔߘࠇࠍขࠅ࿐߻࿾ၞ
ߩᑪ‛ߥߤߪޔ100ᐕߦ1࿁⒟ᐲ↢ߓࠆᄢ࿾㔡ߩߚ߮ߦୟუࠍ฽߻ᄢ߈ߥⵍኂࠍฃߌߡ߅ࠅޔߘߩᐲߦᒻࠍᄌ
߃ߚࠅᶖṌߒߚࠅޔ޽ࠆ޿ߪㄭᐕߩ㋕㛽߿㋕╭ࠦࡦࠢ࡝࡯࠻ࠍ↪޿ߚ⵬ᒝᎿ੐ߦࠃߞߡવ⛔⊛Ꮏᴺߣߪ⇣ߥ
ࠆᆫߦߥࠆࠃ߁ߥ੐଀߇ᄙᢙႎ๔ߐࠇߡ޿ࠆ3)ޕ
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2߷߶ߪߢౝ࿖ᧄᣣߪߦᐕ2002ޔࠅ߅ߡߞⴕࠍഥេⴚᛛߢᒻߥޘ᭽ߡߓㅢࠍACIJߪᐭ᡽ᧄᣣޔߡߒኻߦࠇߎ
ផኂⵍ‛ᑪࠆ޿ߡࠇࠊⴕߢਛߩߎޕ)4ࠆ޿ߡߞⴕࠍቯᗐኂⵍ㔡࿾ߩ࠭ࡦࡑ࠻ࠞޔߡߒ↪೑ࠍᴺᚻߚࠇߐ┙⏕
ߚߒ↪೑ࠍ)5ᢙ㑐ኂⵍߚࠇߐ಴ዉࠄ߆⸘⛔ኂⵍࠆߔ㑐ߦ‛ᑪ⒳ฦࠆࠃߦ㔡࿾ߚߞߎ⿠ߢ⇇਎ߢ߹ࠇߎޔߪቯ
ቯផኂⵍߦ߁ࠃߩㅀ೨ޔߚ߹ޕ޿ߚ߇޿⸒ߪߣࠆ޽ߢᢙ㑐ኂⵍߚߒㆡߦ࡯࡟ࡃ࠭ࡦࡑ࠻ࠞޔ߼ߚࠆ޽ߢߩ߽
ߩ߽ߚߒߣ⽎ኻࠍ‛ㅧᑪ⊛ผᱧޔࠅ޽ߢਥ߇ኂⵍኅ૑ߪᧄᮡޔ߼ߚߊߠၮߦᢙ㑐ኂⵍߚࠇߐ಴ዉߦ⊛㛎⚻ߪ
ޕࠆ޽ߢ߹߹ߩ⍮ᧂߡߒߣὼଐߪߡ޿ߟߦജ⠴ࠆߔ᦭଻߇‛ㅧᑪ⊛ผᱧࠆߔሽ⃻ޔ߼ߚ޿ߥߪߢ
ൻᢥߩߤߥ⟲‛ㅧᑪ⊛ผᱧࠄ߆㔡࿾ࠆ޽ߢኂἴὼ⥄޿ߥࠄߥ߫ࠇߌߥߒᗧᵈ߽ᦨ߇࡞࡯ࡄࡀޔߪߢⓥ⎇ᧄ
࡯࡟ࡘࡒࠪኂⵍ㔡࿾ߩ‛ㅧᑪ⊛ผᱧࠆߔሽ⃻ߦ࠭ࡦࡑ࠻ࠞޔߡߒߣ⊛⋡ࠍߣߎࠆᓧࠍ⷗⍮ߩ߼ߚࠆ቞ࠍ↥ㆮ
ะᣇߥޘ᭽ޔࠍ)3േ㔡࿾ߩࠅㅢ2ߩ㧑5ߣ㧑01߇₸⏕↢⊒ᐕ05ࠆߌ߅ߦ࠭ࡦࡑ࠻ࠞޔߕ߹ޕߚߒᣉታࠍࡦ࡚ࠪ
ᰴޕߚߴ⺞ࠍ߆ߩࠆߌฃࠍኂⵍߩᐲ⒟ߩߤߡߒኻߦേ㔡࿾ߩะᣇߩࠇߙࠇߘ߇‛ᑪޔࠅࠃߦߣߎࠆߔജ౉ߦ
㒐ࠍኂⵍޔߢߣߎࠆߴ⺞ࠍଥ㑐ߩኂⵍ‛ᑪߣ୯ᕈ‛ߩ᪞ޔߦࠄߐޔߴ⺞ࠍଥ㑐ߩኂⵍ‛ᑪߣᐲᒝߩⅽᾃޔߦ
ޕߚߞⴕࠍ⸛ᬌߡ޿ߟߦ╷ኻߩ߼ߚࠆߔᱛ
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ߦࠈߏਛ♿਎71ߪ‛ᑪޕࠆ޽ߢ‛ㅧᑪวⶄ⊛ผᱧߩߣㅧᧁߣㅧⓍ⚵ߔ␜ߦ)b()a(1⌀౮ޔߪ‛ㅧᑪ⽎ኻᨆ⸃
ߪ‛ᑪޕࠆ޿ߡߞ⥋ߦ࿷⃻ࠇࠊⴕ߇ୃ⵬ߦᚲ୘ߥ߹ߑ߹ߐߡߞࠃߦൻ᧎⠧߿㔡࿾ޔ߇ࠆ޽ߢߩ߽ߚࠇࠄߡᑪ
࿾ߩᩮደޕࠆ޽ߢm1.2ޔm4.2ߪߐ㜞ߩ㓏2ߣ㓏1ޕࠆ޽ߢm6.5ޔm5.61ߪ᏷ߩะᣇㄝ⍴ߣะᣇㄝ㐳ޔߢߡᑪ㓏2
߽ᦨ߇㧕)a(1⌀౮㧔ოߩ஥⷏ߪวഀߩㇱญ㐿ޔ߇ࠆ޽߇ㇱญ㐿߽ߦოߩࠇߕ޿ޕࠆ޽ߢm5.6ߪߐ㜞ߩࠄ߆਄
ㄟߒ᛼ࠍ࠻ࡦࡔ࠮ࠄ߆஥ᄖߩ㕙⌕ធޕࠆ޿ߡࠇߐ⌕ធࠅࠃߦ࡞࠲࡞ࡕ࠻ࡦࡔ࠮ߪⅽᾃࠆߔᚑ᭴ࠍოޕ޿߈ᄢ
ㄟ߼⹣ࠍ࠻ࡦࡔ࠮߿ⅽᾃߕߊߦ㑆ߩოߩⅽᾃߩ㕙2ߩᐲ⒟mc01ߐෘޔߪოޕࠆ޽߽ว႐ࠆߔൻᒝࠍ⌕ធߢࠎ
ߦ႐Ꮏߚࠇࠄ૞߿ઍᤨޔߊߥߪߢߩ߽ߚࠇߐ৻⛔ߪߩ߽޿ฎߦ․ߪߐ߈ᄢߩⅽᾃޕࠆ޿ߡߒߣოߩᨎ1ߢࠎ
߁ࠃߩ)c(1⌀౮ߪㇱౝ‛ᑪޕࠆ޽ߢⅽᾃᚑ὾ߪߩ߽ߚࠇߐୃ⵬ޔⅽᾃߒᐓᣣߪߩ߽޿ฎޕࠆߥ⇣ዋᄙߡߞࠃ
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ޔߦ)d(1࿑ࠍ⟎㈩ߩ᪞ࠣࡦ࡝ߣᩇߩᄖએⅽᾃޔߦ)c()b()a(1࿑ࠍ࡞࠺ࡕᨆ⸃ߚߒൻ࿑ࠄ߆ᣇ਄ޔ᧲ർޔ⷏ർ
㐿ߦ㓏2ޔᧄ8߇ᩇߩ⵾ᧁߦ㓏1ޔߪߦოߩ஥⷏޿ᄙߩㇱญ㐿ޕࠆ޽ߢ᧲߇஥ᱜߩゲYޕߔ␜ߦ)a(1࿑ࠍゲᮡᐳ
ࠇߐ⟎㈩߇᪞ࠣࡦ࡝ߦ߁ࠃ߁ㅡࠍ਄ߩოߩ㓏2ߣ㓏1ޔߚ߹ޕࠆ޿ߡࠇߐ⟎㈩߇᧚ᧁߩᧄ4ߦ߁ࠃ߻࿐ࠍㇱญ
mc04߇ოߩะᣇㄝ⍴ޔmc55߇ოߩะᣇᚻ㐳ޔߜ߁ߩოߩ஥ౝޔmc55߇ოߩᨎ4ߩ஥ᄖ‛ᑪޔߪߐෘޕࠆ޿ߡ
ޕࠆ޽ߢ0911ߪᢙ⚛ⷐ✚ޕߚߒൻ࡞࠺ࡕߡߒߣ૕ว㓸ߩ⚛ⷐ૕೰ߩᩇᒻบ߮ࠃ߅૕ᣇ⋥ߪ‛ᑪޕߚߒߣ
     
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3ᝄേ․ᕈࠍ⴫ߔ‛ᕈ୯ࠍ⴫1(a)ߦ␜ߔޕᾃⅽߩ‛ᕈ୯ߪޔ⃻࿾⺞ᩏ㧔ᒢᕈᵄ࠻ࡕࠣ࡜ࡈࠖ࡯㧕ߦࠃߞߡផ
ቯߐࠇߚოߩᐔဋ⊛ߥ୯ߣߒߚ6)ޕߘߩߚ߼ޔოߪᾃⅽන૏ߢࡕ࠺࡞ൻߖߕޔෘߐᣇะߩᐔဋ⊛ߥ‛ᕈ୯ࠍ
᦭ߔࠆᾃⅽࠃࠅᄢ߈޿ࠨࠗ࠭ߩⷐ⚛ߢࡕ࠺࡞ൻߒߚޕ⷏஥ߩოߩᧁ᧚ߩ‛ᕈ୯ߪ⃻࿾⺞ᩏߢ᷹ቯߐࠇߡ޿ߥ
޿ߚ߼ޔᐢ⪲᮸߱ߥߩ৻⥸⊛ߥ୯7)ࠍ↪޿ߚޕ࡝ࡦࠣ᪞ߩ‛ᕈ୯߽⃻࿾⺞ᩏߢ᷹ቯߐࠇߡ޿ߥ޿ߚ߼ޔᾃⅽ
ߩ‛ᕈ୯ࠍ↪޿ߚ႐วߣᧁ᧚ߩ‛ᕈ୯ࠍ↪޿ߚ႐วߩ2ㅢࠅߣߒߚޕደᩮߪࡕ࠺࡞ൻߖߕޔઃട⾰㊂ࠍደᩮ
⋥ਅߩⷐ⚛ߦਈ߃ߚޕ᧲⷏ߦㅢࠆᄤ੗ߩᧁ⵾ߩ᪞ߪᧄᢙ߇ዋߥ޿ߚ߼ࡕ࠺࡞ൻࠍ⋭⇛ߒߚޕ
ⷐ⚛㑆ߦߪޔⷐ⚛ߩ೰ᕈߦၮߠߊ߫ߨࠍਈ߃ߚޕⷐ⚛⥄りߪ೰૕ߢ޽ࠅᄌᒻߒߥ޿߇ޔⷐ⚛߇㊀ߥࠅ޽߁
ߎߣߢᑪ‛ో૕ߩᄌᒻࠍ⴫⃻ߔࠆߎߣ߇ߢ߈ࠆޕ߫ߨߦ૞↪ߔࠆᒁᒛ࡮ߖࠎᢿ࡮࿶❗ᔕജ߇ޔߘࠇߙࠇߩᒝ
ᐲࠍ਄࿁ߞߚ႐วޔ߫ߨࠍಾᢿߒޔ⎕უ⃻⽎ࠍ⴫⃻ߒߚޕᧄ⸃ᨆߢߪޔᾃⅽߣࡕ࡞࠲࡞ࠍ฽ࠎߛოߩᐔဋ⊛
ߥ‛ᕈ୯ࠍᜬߞߚᾃⅽࠃࠅᄢ߈ߥⷐ⚛㑆ߩធ⌕㕙ߦ߅޿ߡߩߺ⎕უ߇↢ߓࠆߣ઒ቯߒޔᒝᐲࠍᾃⅽⷐ⚛㑆ᒝ
ᐲߣ๭߱ߎߣߣߒߚޕᒁᒛᒝᐲޔߖࠎᢿᒝᐲ㧔☼⌕ജޔౝㇱ៺ᡂⷺ㧕ޔ࿶❗ᒝᐲࠍ⴫1(b)ߦ␜ߔޕᣉᎿ᧦ઙ
ߩ㆑޿߿⚻ᐕഠൻߩᓇ㗀ߥߤߦࠃࠅޔᑪ‛ߦࠃߞߡᒝᐲߪ߫ࠄߟߊߣ⠨߃ࠄࠇޔࠗ࡜ࡦߩ⚵Ⓧㅧߩ੐଀ߢ߽
ᢥ₂Ფߦ߫ࠄߟ޿ߡ޿ࠆ8)9)ޕߘߎߢޔᾃⅽⷐ⚛㑆ᒝᐲߣߒߡᒙޔਛޔᒝᒝᐲߩ3ㅢࠅࠍᗐቯߒߚޕࡀࡄ࡯࡞
ߩᒝᐲߦ㑐ߔࠆᢥ₂߇⷗ᒰߚࠄߥ߆ߞߚߚ߼ޔၮḰߣߥࠆਛᒝᐲߪቶౝታ㛎ߦࠃࠅᓧࠄࠇߚࠗ࡜ࡦߩᾃⅽߩ
ᒝᐲ8) ࠍઍᦧ⊛ߦ↪޿ߚޕᒙᒝᐲߣᒝᒝᐲߪޔਛᒝᐲߩᒁᒛᒝᐲޔ☼⌕ജޔ࿶❗ᒝᐲࠍߘࠇߙࠇ1/10୚ޔ10
୚ߣߒߚ߽ߩߣߒߚޕᧁ᧚ߩᒝᐲߪ⴫1(b)ߦ␜ߔᐢ⪲᮸߱ߥߩ৻⥸⊛ߥᒝᐲ7)ࠍ↪޿ߚޕ࡝ࡦࠣ᪞ߪოࠍ৻
૕ൻߔࠆᓎഀࠍᜬߞߡ޿ࠆߩߢޔᒁᒛᒝᐲߩᄢ߈޿ᧁ᧚ߩᒝᐲࠍ࡝ࡦࠣ᪞ߩᒝᐲߣߒߡઍᦧ⊛ߦ↪޿ߚ߇ޔ
޿ߕࠇߩࠤ࡯ࠬߢ߽⎕უߖߕᒢᕈ᜼േࠍ␜ߒߚޕᾃⅽ㧙ᩇ㑆ޔᾃⅽ㧙࡝ࡦࠣ᪞㑆ߩᒝᐲߪޔᾃⅽⷐ⚛㑆ᒝᐲ
ߣหߓ୯ࠍ↪޿ߚޕ

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ടㅦᐲᵄᒻࠍ࿑2ߦ␜ߔޕࡀࡄ࡯࡞ߩᱧผ࿾㔡࠺࡯࠲ߣᵴᢿጀ࠺࡯࠲߆ࠄ࿾㔡ෂ㒾ᐲ⸃ᨆߦࠃߞߡផቯߐ
ࠇߚ߽ߩߢ޽ࠆޕ࿑2(a)ߪ50ᐕ⊒↢⏕₸5㧑㧔ౣ⃻ᦼ㑆975ᐕ㧕ߩ߽ߩߢᦨᄢടㅦᐲߪ6.3m/s2ޔ࿑2(b)ߪ50ᐕ
⊒↢⏕₸10㧑㧔ౣ⃻ᦼ㑆475ᐕ㧕ߩ߽ߩߢᦨᄢടㅦᐲߪ4.2m/s2ߢ޽ࠆޕ
 ࿾㔡േߩ౉ജᣇะߩࠤ࡯ࠬߣߒߡߪޔ1ᣇะߦߩߺ౉ജߔࠆ3ࠤ࡯ࠬޔ2ᣇะߦหߓടㅦᐲࠍ౉ജߔࠆ3ࠤ࡯
ࠬޔ3ᣇะߦหߓടㅦᐲࠍ౉ജߔࠆ1ࠤ࡯ࠬߩ⸘7ㅢࠅߣߒߚޕ⴫2ߦ౉ജࠤ࡯ࠬࠍ␜ߔޕ
⴫1 ⸃ᨆࡄ࡜ࡔ࡯࠲
-8
-4
0
4
8
0 10 20 30 40 50
TIME (s)
A
C
C
. (
m
/s 
  )2
  
-8
-4
0
4
8
0 10 20 30 40 50
TIME (s)
A
C
C
. (
m
/s 
 )2
(a) 50ᐕ⊒↢⏕₸5㧑                (b) 50ᐕ⊒↢⏕₸10㧑
࿑2 ౉ജ࿾㔡േ
⴫2 ࿾㔡േߩ౉ജᣇะߩࠤ࡯ࠬ㧔٤㧦౉ജޔ㧙㧦౉ജߒߥ޿㧕
ᣇะ ࠤ࡯ࠬX ࠤ࡯ࠬY ࠤ࡯ࠬZ ࠤ࡯ࠬXZ ࠤ࡯ࠬYZ ࠤ࡯ࠬXY ࠤ࡯ࠬXYZ
Xᣇะ ٤ 㧙 㧙 ٤ 㧙 ٤ ٤
Yᣇะ 㧙 ٤ 㧙 㧙 ٤ ٤ ٤
Zᣇะ 㧙 㧙 ٤ ٤ ٤ 㧙 ٤
(a)‛ᕈ୯
‛ᕈ୯ ᾃⅽ ᧁ᧚
⾰㊂(kg/m3) 1.9u103 7.0u102
ࡗࡦࠣ₸ (N/m2) 7.67u108 6.3u108
ࡐࠕ࠰ࡦᲧ 0.2 0.3 
(b) ᒝᐲ
ᒝᐲ
ᾃⅽⷐ⚛㑆ᒝᐲ ᩇ࡮
࡝ࡦࠣ᪞ਛᒝᐲ ᒙᒝᐲ ᒝᒝᐲ
ᒁᒛᒝᐲ㧔MPa) 0.127 0.0127 1.27 110 
☼⌕ജ㧔MPa) 0.0304 0.00304 0.304 9.0 
ౝㇱ៺ᡂⷺ㧔q㧕 32.0 32.0 32.0 0.0 
࿶❗ᒝᐲ㧔MPa) 0.49 0.049 4.9 45.0 
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4ᨐ⚿ᨆ⸃㧚㧟
ᴫ⁁უ⎕ߩ‛ᑪߩᲤะᣇജ౉ߩേ㔡࿾

ᐲᒝਛ߇ᐲᒝ㑆⚛ⷐⅽᾃޕࠆߔ⸛ᬌࠍᴫ⁁უ⎕ߩ‛ᑪࠆߔኻߦേ㔡࿾ቯផޔߦᲤะᣇജ౉ߩേ㔡࿾ޔߕ߹ 
ޕߔ␜ߡߞߣߦ଀ࠍᨐ⚿ߩว႐ߚߒቯ⸳ߦ୯ߓหߣⅽᾃࠍ୯ᕈ‛ߩ᪞ࠣࡦ࡝ޔߢ
ว႐ߚߒജ౉ࠍേ㔡࿾ߩ㧑₸⏕↢⊒ᐕC
ᒛᒁޕߔ␜ߦᲤࠬ࡯ࠤߩะᣇജ౉ߩേ㔡࿾ޔࠍᴫ⁁უ⎕ߩ‛ᑪߩᓟജ౉േ㔡࿾ߩ㧑5₸⏕↢⊒ᐕ05ޔߦ3࿑ 
ߒߎ⿠ࠍუ⎕ᒛᒁޔߪߢേ㔡࿾ߩ㧑5₸⏕↢⊒ᐕ05ޕߔ␜ߢ✢㤥ࠍㄝ4߻࿐ࠍ㕙ޔߢ✢⿒ࠍ㕙ߚߒߎ⿠ࠍუ⎕
ޕߚߞ߆ߥߓ↢ߪუ⎕❗࿶ޔუ⎕ᢿࠎߖޔ߽ߡ޿߅ߦࠬ࡯ࠤߩࠇߕ޿ޕߚࠇࠄ⷗߇⚛ⷐࠆ⥋ߦਅ⪭ߡ
౉ߦะᣇXޔߪಽㇱߩᒻⷺਃߩㇱ਄ოߩะᣇㄝ⍴ޕࠆߔセᲧࠍ㧕)c()b()a(3࿑㧔ࠬ࡯ࠤ3ߩജ౉ಽᚑ1ޔߕ߹ 
ߩߘޕߚߞ߆ߥߒਅ⪭ߪߦว႐ߚߒജ౉ߦะᣇYޔ߇ߚߒਅ⪭ߦᓟߩუ⎕ᒛᒁ߇⚛ⷐߩߊᄙߪߦว႐ߚߒജ
ޕߚߞ߆ߥߓ↢ߪ⚛ⷐࠆߔਅ⪭ߩߩ߽ߚߓ↢߇უ⎕ᒛᒁ߽ว႐ߚߒജ౉ߦะᣇߩࠇߕ޿ߩYޔXޔߪოߩਅ
ߦว႐ߚߒജ౉ߦะᣇYޔߪߢოߩࠄࠇߎޕߚߓ↢߇უ⎕ᒛᒁߩߊᄙߦოߩ஥᧲ߣ஥ౝޔߪߢოߩะᣇᚻ㐳
⏕߇⚛ⷐࠆߔਅ⪭߿⚛ⷐࠆࠇߕߊ߈ᄢޔߓ↢߇უ⎕ᒛᒁߢ㑆⚛ⷐߩߊᄙޔ߼ߚࠆߔേᝄߊ߈ᄢߦะᣇᄖ㕙ߪ
ޕߚߞ߆ߥߓ↢ߤࠎߣ߶߇უ⎕ᒛᒁ߽ว႐ߚߒജ౉ߦะᣇߩࠇߕ޿ߩYޔXޔߪߢოߩ஥⷏ޔᣇ৻ޕߚࠇߐ⹺
ࠄ߃⠨ߣࠆ޽ߢ߼ߚࠆߔ᛫ᛶߦᒛᒁ߇ࠄࠇߎޔࠅ߅ߡߞㅢ߇ᩇߩ⵾ᧁߦะᣇ⋥㋦ߪߦოߩ஥⷏ޔߪ↱ℂߩߎ
ะᣇਅ਄ޕߚߞߥߦᨐ⚿߁޿ߣ޿ߐዊ߽ᦨ߇ኂⵍߕࠄࠊ㑐߽ߦ޿߈ᄢ߽ᦨ߇วഀߩㇱญ㐿ޔߡߞࠃޕࠆࠇ
ޕߚߞ߆ߥࠄߎ⿠߽უ⎕ᒛᒁޔߕߖേᝄߪ‛ᑪߤࠎߣ߶ޔߪว႐ߚߒജ౉ߦ㧕Z㧔
⺞ࠍ㗀ᓇߩߣߎࠆߔജ౉ࠍേਅ਄ߡ߃ടߦേᐔ᳓ޔࠅࠃߦߣߎࠆߔセᲧࠍ)e(ߣ)b(3࿑ޔ)d(ߣ)a(3࿑ޔߦᰴ 
ߘޔ߇ࠆ޿ߡ߃Ⴧ߇ᢙߩ⚛ⷐਅ⪭ߩಽㇱߩᒻⷺਃޔߢߣߎࠆࠊട߇േਅ਄ޔߪว႐ࠆߔജ౉ߦะᣇXޕࠆߴ
߇᧤᜔ߩࠄ߆⚛ⷐߩㄝ๟ޔࠅ޽ߦ਄⇟৻ߪ⚛ⷐߩᒻⷺਃޔߪ↱ℂߩߎޕ޿ߥࠄࠊᄌߤࠎߣ߶ߪኂⵍߩᄖએࠇ
਄ޔߪว႐ࠆߔജ౉ߦะᣇYޕࠆࠇࠄ߃⠨ߣߩ߽ࠆߥߊᤃߒୟォߡߞࠃߦߣߎࠆࠊട߇േਅ਄ޔߢߩ޿ߥዋ
㗼ࠅ߅ߡߒዋᷫߪᢙߩ⚛ⷐࠆߔਅ⪭ޔ߇ࠆ޿ߪߡߒടჇ߇ࠕ࡝ࠛߚߒߎ⿠ࠍუ⎕ᒛᒁߢߣߎࠆߔടㅊࠍേਅ
ޕ޿ߥࠇࠄ⷗ߪ޿㆑ߥ⪺
ᦨ߇ኂⵍߩYXࠬ࡯ࠤߚߒജ౉ಽᚑ2ߦะᣇᐔ᳓ޔߣࠆߔセᲧࠍ㧕)f()e()d(3࿑㧔ࠬ࡯ࠤ3ߩജ౉ಽᚑ2ޔߦᰴ 
ޕࠆ޿ߡߒਅ⪭ߊᄙ߽⚛ⷐߩౝოߩ஥᧲ޔ஥ౝޔࠅ߅ߡߒਅ⪭ߤࠎߣ߶ߪ⚛ⷐߩಽㇱߩᒻⷺਃޔߊ߈ᄢ߽
ⷐਅ⪭ޔߣࠆߔセᲧࠍኂⵍߩ㧕)f(3࿑㧔ࠬ࡯ࠤߚߒജ౉ಽᚑ2ߦะᣇᐔ᳓ߣ㧕)g(3࿑㧔ࠬ࡯ࠤߚߒജ౉ಽᚑ3 
ޕ޿ߥࠇࠄ⷗ߪ޿㆑ߥ߈ᄢߦࠕ࡝ࠛߩ⦡⿒ࠆ޿ߡߒߎ⿠ࠍუ⎕ᒛᒁ߿⚛
⒟ߩუ⎕ޔ߼ߚࠆ⥋ߦუ⎕ߡߒߎ⿠ࠍუ⎕ᒛᒁߦᓟߚߒേᝄߦะᣇᄖ㕙߇ოߪㅧⓍ⚵ޔߣࠆ߼ߣ߹ࠍ਄એ
㕙߼ߚ޿߈ᄢ߇ㇱญ㐿ߦ਄޿㐳߇᏷ޔߪოߩะᣇᚻ㐳ޔߚ߹ޕߚߞ߆ࠊ߇ߣߎࠆࠇߐ㈩ᡰߦേᐔ᳓ߦਥߪᐲ
ߩߘޕ޿ߊߦߒേᝄߦะᣇᄖ㕙߼ߚ޿ߐዊ߽วഀߩㇱญ㐿ߊ⍴߇᏷ߪოߩะᣇㄝ⍴ޔ߇޿ᤃߒേᝄߦะᣇᄖ
ޕࠆࠇࠄ߃⠨ߣߚߞߥߊ߈ᄢ߇ኂⵍߦ߈ߣࠆࠇߐജ౉߇േ㔡࿾ߦ㧕ะᣇY㧔ะᣇᄖ㕙ߩოߩะᣇㄝ㐳ޔ߼ߚ
ޕߚࠇߐ⹺⏕߇ᨐലᒝ⵬ߩᩇޔߕࠄ߅ߡߒუ⎕ߪოߩ஥⷏ࠆ޿ߡߞߥߣㅧ᭴วⶄߩߣᩇߩ⵾ᧁ
Z ࠬ࡯ࠤ )c(                         Y ࠬ࡯ࠤ )b(                         X ࠬ࡯ࠤ)a(
 ZYXࠬ࡯ࠤ )g(                    YXࠬ࡯ࠤ )f(                        ZYࠬ࡯ࠤ )e(                      ZXࠬ࡯ࠤ )d(
㧕ⅽᾃ:୯ᕈ‛ߩ᪞ࠣࡦ࡝ޔਛ:ᐲᒝ㑆⚛ⷐⅽᾃޔ㧑5:₸⏕↢⊒ᐕ05㧔ኂⵍ‛ᑪߩᲤะᣇജ౉ߩേ㔡࿾ 3࿑
)ධ(X
Z )᧲(Y
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5
Dᐕ⊒↢⏕₸㧑ߩ࿾㔡േࠍ౉ജߒߚ႐ว
 ࿑4ߦޔ50ᐕ⊒↢⏕₸10㧑ߩ࿾㔡േ౉ജᓟߩᑪ‛ߩ⎕უ⁁ᴫࠍޔ࿾㔡േߩ౉ജᣇะߩࠤ࡯ࠬᲤߦ␜ߔޕᒁ
ᒛ⎕უߩߺ↢ߓޔߖࠎᢿ⎕უޔ࿶❗⎕უߪ↢ߓߥ߆ߞߚޕ޿ߕࠇߩࠤ࡯ࠬߦ߅޿ߡ߽⪭ਅߔࠆⷐ⚛ߪ⏕⹺ߐ
ࠇߥ߆ߞߚޕᒁᒛ⎕უߪޔოߣოߩធวㇱߩ਄ᣇ߿ޔ㐿ญㇱ๟ㄝߦ௖߆ߦ⷗ࠄࠇߚ߇ޔ๟࿐ߩⷐ⚛ߣߩ㑆ߦ
ߕࠇࠍ↢ߓࠆⷐ⚛ߪ⏕⹺ߐࠇߥ߆ߞߚޕߎࠇࠄߩߎߣ߆ࠄޔᒰࡕ࠺࡞ߪ50ᐕ⊒↢⏕₸10㧑ߩ࿾㔡േߦኻߒߡ
⠴ജࠍ᦭ߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ
(a)ࠤ࡯ࠬ X                 (b) ࠤ࡯ࠬ Y                         (c) ࠤ࡯ࠬ Z
(d) ࠤ࡯ࠬXZ                      (e) ࠤ࡯ࠬYZ                        (f) ࠤ࡯ࠬXY                    (g) ࠤ࡯ࠬXYZ 
࿑4 ࿾㔡േߩ౉ജᣇะᲤߩᑪ‛ⵍኂ㧔50ᐕ⊒↢⏕₸:10㧑ޔᾃⅽⷐ⚛㑆ᒝᐲ:ਛޔ࡝ࡦࠣ᪞ߩ‛ᕈ୯:ᾃⅽ㧕


ᾃⅽⷐ⚛㑆ᒝᐲߩᓇ㗀
 ᰴߦޔᾃⅽⷐ⚛㑆ᒝᐲ߇᭴ㅧ‛ߩ࿾㔡ⵍኂߦ෸߷ߔᓇ㗀ߦߟ޿ߡᬌ⸛ߔࠆޕ
ߦ߅ߌࠆᬌ⸛ߦ߅޿ߡޔ
⪭ਅߔࠆⷐ⚛߇⷗ࠄࠇߚ50ᐕ⊒↢⏕₸5㧑ߩ࿾㔡േߦኻߔࠆᬌ⸛⚿ᨐߦߟ޿ߡ␜ߔޕ
 ࿑5ޔ6ߦޔᾃⅽⷐ⚛㑆ᒝᐲ߇ᒙޔਛޔᒝᒝᐲߩࡕ࠺࡞ߦኻߒߡޔ࿾㔡േࠍ3ᣇะߦ౉ജߒߚߣ߈㧔ࠤ࡯ࠬ
XYZ㧕ߩޔ࿾㔡േ⚳ੌᓟߩᑪ‛ⵍኂࠍ␜ߔޕ࿑5ߪ࡝ࡦࠣ᪞ߩ‛ᕈ୯ࠍᾃⅽߣหߓ୯ߦ⸳ቯߒߚߣ߈ޔ࿑6ߪ
࡝ࡦࠣ᪞ߩ‛ᕈ୯ࠍᧁ᧚ߣหߓ୯ߦ⸳ቯߒߚߣ߈ߩ⚿ᨐߢ޽ࠆޕ
 ᒙᒝᐲߩ႐ว㧔࿑5ޔ6(a)㧕ޔਃⷺᒻߩㇱಽ߶߷ోߡߣޔౝ஥ߣ᧲஥ߩ㐳ㄝᣇะߩოߩᄙߊߩⷐ⚛߇⪭ਅߒ
ߚޕߘࠇએᄖߩოߢ⪭ਅߔࠆⷐ⚛ߪߥ߆ߞߚޕᒙᒝᐲߢ޽ߞߡ߽ޔᩇߢᡰ߃ࠄࠇߚ⷏஥ߩოߩⷐ⚛ߪ⪭ਅߖ
ߕޔᩇߩലᨐ߇⏕⹺ߢ߈ࠆޕ᪞ߩ‛ᕈ୯ࠍᧁ᧚ߩ୯ߦ⸳ቯߒߚࡕ࠺࡞ߩᣇ߇ޔ⪭ਅߒߚⷐ⚛ߩᢙ߇ᄙ߆ߞߚޕ

(a)ᒙᒝᐲ               (b) ਛᒝᐲ                            (c) ᒝᒝᐲ
࿑5 ᾃⅽⷐ⚛㑆ᒝᐲߣᑪ‛ⵍኂߩ㑐ଥ㧔50ᐕ⊒↢⏕₸:5㧑ޔࠤ࡯ࠬXYZޔ࡝ࡦࠣ᪞ߩ‛ᕈ୯:ᾃⅽ㧕

(a)ᒙᒝᐲ               (b) ਛᒝᐲ                            (c) ᒝᒝᐲ
࿑6 ᾃⅽⷐ⚛㑆ᒝᐲߣᑪ‛ⵍኂߩ㑐ଥ㧔50ᐕ⊒↢⏕₸:5㧑ޔࠤ࡯ࠬXYZޔ࡝ࡦࠣ᪞ߩ‛ᕈ୯:ᧁ᧚㧕
X(ධ)
Y(᧲) Z
X(ධ)
Y(᧲) Z
X(ධ)
Y(᧲) Z
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6ߒਅ⪭߇⚛ⷐߩߊᄙࠆ޽ߦ਄ߩ᪞ࠣࡦ࡝ߩ㓏2ޔߣߡో߷߶ߩಽㇱߩᒻⷺਃޔ㧕)b(6ޔ5࿑㧔ว႐ߩᐲᒝਛ
޿߅ߦოߩะᣇㄝ㐳ߩ஥ౝޔߪߢ㧕)b(5࿑㧔࡞࠺ࡕߚߒ↪ណࠍ୯ߩⅽᾃߡߒߣ୯ᕈ‛ߩ᪞ࠣࡦ࡝ޔߚ߹ޕߚ
࡞࠺ࡕߚߒ↪ណࠍ୯ߩ᧚ᧁߡߒߣ୯ᕈ‛ߩ᪞ޔ߇ߚߒਅ⪭߇ㇱ৻ߩ⚛ⷐࠆ޽ߦ㑆ߩ᪞ࠣࡦ࡝ߩ㓏2ߣ㓏1ߡ
ޕߚߞ߆ߥߒਅ⪭ߪߢ㧕)b(6࿑㧔
ޕߚߞ߆ߥߓ↢߇⚛ⷐࠆߔਅ⪭߽ߢ࡞࠺ࡕߩࠇߕ޿ޔ㧕)c(6ޔ5࿑㧔ว႐ߩᐲᒝᒝ 
ਅ⪭ߡߞࠃߦߣߎࠆߍ਄ߢ߹ᐲᒝᒝࠍᐲᒝޔ߽ߡߞ޽ߢേ㔡࿾ߥ߈ᄢߩ㧑5₸⏕↢⊒ᐕ05ޔߦ߁ࠃߩ਄એ
߈ᄢ߇ᐲ⒟ߩኂⵍߡߞࠃߦᐲᒝޔߚ߹ޕߚߞ߆ࠊ߇ߣߎࠆ߈ߢᷫシߊ߈ᄢࠍኂⵍ‛ᑪޔࠅߥߊߥ߇⚛ⷐࠆߔ
ߢⷐ㊀߇ߣߎࠆߔីᛠߊߒᱜࠍᐲᒝޔߪߦ߼ߚࠆߓ⻠ࠍ╷ኻߒଔ⹏ߦಾㆡࠍኂⵍ㔡࿾ߩ‛ᑪޔߢߩࠆߥ⇣ߊ
ޕࠆ޽

㗀ᓇߩ୯ᕈ‛ߩ᪞ࠣࡦ࡝

↪ࠍ୯ߩⅽᾃ߇ᣇߚ޿↪ࠍ୯ߩ᧚ᧁߡߒߣ୯ᕈ‛ߩ᪞ࠣࡦ࡝ޔว႐ߩᐲᒝਛޔࠅࠃᨐ⚿⸛ᬌࠆߌ߅ߦ 
 
ࠣࡦ࡝ߪߢߎߎޔߢߩߚߞ߆ࠊ߇ߣߎࠆߥߊ߈ᄢ߇ኂⵍߦㅒߪߢᐲᒝᒙޔࠅߥߊߐዊ߇ኂⵍ߽ࠅࠃ߈ߣߚ޿
ޕࠆߔ⸛ᬌߡ޿ߟߦ㗀ᓇߩ୯ᕈ‛ߩ᪞
޿ߡߞᜬࠍᨐലࠆߔ᧤᜔ࠍოߣოޔⅽᾃߣⅽᾃޔࠅ߅ߡࠇߐ⟎⸳ߦ߁ࠃ߁ㅡࠍ਄ߩოߩߡోޔߪ᪞ࠣࡦ࡝
೙ᛥࠍኂⵍ߇ߣߎࠆߔ౉ᝌࠍ᧚ᧁ޿ᤃߒᒻᄌߦ㑆ⅽᾃޔߢߩ޿ᤃߒᒻᄌߊߐዊ߇ᕈ೰߽ࠅࠃⅽᾃߪ᧚ᧁޕࠆ
ޔߣ߈ߣߚߒቯ⸳ߦ୯ߓหߣⅽᾃࠍ୯ᕈ‛ߩ᪞ࠣࡦ࡝ޔߢߎߘޕࠆࠇࠄ߃⠨ߣࠆ޽߽ว႐ࠆߔടჇ߽ว႐ࠆߔ
ലߩߣߎࠆߔ౉ᝌࠍ⚛ⷐ޿ߐዊߩᕈ೰ޔߡߞࠃߦߣߎࠆߔセᲧࠍേ᜼ᤨ㔡࿾ߩ߈ߣߚߒቯ⸳ߦ୯ߓหߣ᧚ᧁ
ޕࠆߔセᲧߡ޿ߟߦᨐ⚿ߚߒജ౉ߦ㧕ZYXࠬ࡯ࠤ㧔ะᣇ3ࠍേ㔡࿾ߩ㧑5₸⏕↢⊒ᐕ05ޕࠆߔኤ⠨ߡ޿ߟߦᨐ
ޕࠆߔセᲧߡ޿ߟߦᨐ⚿ߩᐲᒝਛߣᐲᒝᒙߚߓ↢߇ਅ⪭ߩⅽᾃߡ޿߅ߦ

ว႐ߩᐲᒝᒙ߇ᐲᒝ㑆⚛ⷐⅽᾃC
᧚ᧁࠍ᪞ࠣࡦ࡝ޔߪ⚛ⷐߩ਄ߩ᪞ࠣࡦ࡝ߩ㓏2ޕߔ␜ࠍേ᜼ᤨ㔡࿾ߩ࡞࠺ࡕਔߩว႐ߩᐲᒝᒙޔߦ8ޔ7࿑ 
ᧁࠍ᪞ࠣࡦ࡝ޔߡ޿߅ߦ㧕)a(8ޔ7࿑㧔ᓟ⑽51 ߫߃଀ޕࠆ޿ߡߒਅ⪭ߢೞᤨ޿ᣧޔ߇ᣇߩ࡞࠺ࡕߚߒቯ઒ߣ
࡝ޔ߇ࠆ޿ߡߒਅ⪭߇ߊᄙߩ⚛ⷐߩ┵਄ߩოߩะᣇᚻ㐳ߩ஥ౝޔ᧲ߣᣇ਄ოߩ஥ർߪߢ࡞࠺ࡕߚߒቯ઒ߣ᧚
ዊ߇ᕈ೰߽ࠅࠃⅽᾃߪ᧚ᧁޔߪ↱ℂߩߎޕ޿ߥ޿ߡߒਅ⪭߽⚛ⷐߩߟ1ߪߢ࡞࠺ࡕߚߒቯ઒ߣⅽᾃࠍ᪞ࠣࡦ
߆ޔߊᤃߓ↢߇ജᔕᒛᒁߪߦ⚛ⷐߩ਄᪞ࠣࡦ࡝ࠆߔᒻᄌߡߒᓥㅊߦ᪞ࠣࡦ࡝ߚߒᒻᄌޔ߼ߚ޿ᤃߒᒻᄌߊߐ
ޕࠆࠇࠄ߃⠨ߣߩ߽޿ᤃߒਅ⪭ߊᤃߓ↢߇უ⎕ᒛᒁߪว႐ߩᐲᒝᒙޔ߼ߚ޿ߥዋ߽᧤᜔ߩࠄ߆⚛ⷐߩ࿐๟ߟ
ߣ᧚ᧁࠍ᪞ࠣࡦ࡝ޕߚࠇߐ⹺⏕߇ߩ߽ߚߒਅ⪭ߢ⚛ⷐߩ㑆ߩ᪞ࠣࡦ࡝ߩ㓏2ߣ㓏1ߪߢ㧕)h(8ޔ7࿑㧔ᓟ⑽92
ߒߎ⿠ࠍუ⎕ᒛᒁߣ⚛ⷐߩߡోߩㄝ๟ޔߪࡓ࠭࠾ࠞࡔࠆ⥋ߦਅ⪭ޕ޿ᄙ߇ᢙ⚛ⷐਅ⪭߇ᣇߩ࡞࠺ࡕߚߒቯ઒
ᤃߒᒻᄌ߇ᣇߩ᪞ࠣࡦ࡝ߩ᧚ᧁޕߚߞ޽ߢߩ߽߁޿ߣࠆߔਅ⪭ࠄ߆ㇱ┵ߡߒേṖߢ਄ߩ⚛ⷐߩਅ⋥ޔߦᓟߚ
ޕࠆࠇࠄ߃⠨ߣߩ߽ߚߞߥߊᄙ߇ᢙߩ⚛ⷐߚߒਅ⪭ߡߒേṖޔ߼ߚ޿

ᓟ⑽12)d(        ᓟ⑽91)c(       ᓟ⑽71)b(       ᓟ⑽51)a(
ᓟ⑽92)h(      ᓟ⑽72)g(       ᓟ⑽52)f(       ᓟ⑽32)e( 
)ᒙ:ᐲᒝ㑆⚛ⷐⅽᾃޔZYXࠬ࡯ࠤ䇮㧑5₸⏕↢⊒ᐕ05(േ᜼ᤨ㔡࿾ߩ߈ߣ޿ߒ╬ߣⅽᾃ߇୯ᕈ‛ߩ᪞ࠣࡦ࡝7࿑
)ධ(X
Z )᧲(Y
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ᓟ⑽12)d(      ᓟ⑽91)c(       ᓟ⑽71)b(       ᓟ⑽51)a(
ᓟ⑽92)h(      ᓟ⑽72)g(       ᓟ⑽52)f(       ᓟ⑽32)e( 
)ᒙ:ᐲᒝ㑆⚛ⷐⅽᾃޔZYXࠬ࡯ࠤ䇮㧑5₸⏕↢⊒ᐕ05(േ᜼ᤨ㔡࿾ߩ߈ߣ޿ߒ╬ߣ᧚ᧁ߇୯ᕈ‛ߩ᪞ࠣࡦ࡝8࿑

ว႐ߩᐲᒝਛ߇ᐲᒝ㑆⚛ⷐⅽᾃD
ᕈ‛ߩ᪞ࠣࡦ࡝ޕࠆߔセᲧࠍᐲ⒟ߩᒻᄌᄖ㕙ߩოޔߕ߹ޕߔ␜ࠍേ᜼ᤨ㔡࿾ߩว႐ߩᐲᒝਛޔߦ01ޔ9࿑ 
ᄖ㕙߇ოߩะᣇᚻ㐳ߩ஥ౝߣ஥᧲ޔ߽ࠅࠃ࡞࠺ࡕߚߒቯ઒ߣ୯ߩⅽᾃޔߪߢ࡞࠺ࡕߚߒቯ઒ߣ୯ߩ᧚ᧁࠍ୯
േᝄ߳஥⷏ߪ)h()f(01ޔ9࿑ޔ߳஥᧲ߪ)g()e(01ޔ9࿑ޔ߫߃଀ޕࠆࠇขߡ⷗߇ሶ᭽ࠆ޿ߡߒേᝄߊ߈ᄢߦะᣇ
ᒻᄌߊߐዊ߇ᕈ೰߇ᣇߩ᧚ᧁࠅ߅ߣߩㅀ೨ޔߪ↱ℂߩߎޕ޿߈ᄢ߇૏ᄌ߽ࠅࠃ9࿑߇ᣇߩ01࿑ޔ߇ࠆ޿ߡߒ
ߥࠄߚᒰ⷗߇޿㆑ߢ߆ߕࠊ߽ߣ࡞࠺ࡕਔޔߪ㊂૏ᄌߩേᝄᄖ㕙ߩოߩ஥⷏ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚ޿ᤃߒ
ߚ޿ߐዊ߇᏷ߩოޔߪოߩะᣇㄝ⍴ޕࠆ޽ߢ߼ߚࠆ޿ߡࠇߐᜬᡰߢᩇߩ⵾ᧁ߽ߣ࡞࠺ࡕਔޔߪ↱ℂߩߎޕ޿
ޕ޿ߥࠇࠄ⷗߇޿㆑ߥᗧ᦭ߢ࡞࠺ࡕਔޔ߼ߚ޿ߐዊ߽ᒻᄌᄖ㕙ߦ߼
ቯ઒ߣ᧚ᧁࠍ᪞ࠣࡦ࡝ޔ㧕)a(01ޔ9࿑㧔ᓟ⑽22߫߃଀ޕࠆߔセᲧࠍኂⵍߩ⚛ⷐߩ਄ߩ᪞ࠣࡦ࡝ߩ㓏2ޔߦᰴ
ޕࠆ޽ߢࠅ߅ߣߚߴㅀߢኤ⠨ߩᐲᒝᒙޔߪ↱ℂߩߎޕࠆ޿ߡߒਅ⪭߇⚛ⷐߩᢙ޿ᄙࠅࠃޔ߇ᣇߩ࡞࠺ࡕߚߒ
ౝߪߢ࡞࠺ࡕߚߒቯ઒ߣⅽᾃࠍ᪞ࠣࡦ࡝ޔߣࠆߴ⺞ߡ޿ߟߦᴫ⁁ਅ⪭ߩ⚛ⷐߩਅߩ᪞ࠣࡦ࡝ߩ㓏2ޔᣇ৻
߽ߦ޿߈ᄢ߇ᒻᄌᄖ㕙ߪߢ࡞࠺ࡕߚߒቯ઒ߣ᧚ᧁࠍ᪞ࠣࡦ࡝ޔ߇ߚߒਅ⪭߇⚛ⷐߩოߩะᣇᚻ㐳ߩ஥᧲ߣ஥
ࡦ࡝ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢࠅㅢߩᰴߪ↱ℂߩߎޕࠆ޽ߢะ௑ߩㅒߣ߈ߣߩᐲᒝᒙޕߚߞ߆ߥߒਅ⪭ߕࠄࠊ㑐
ࠣࡦ࡝ߪᕈ೰ߩߌ߆⷗ߩⅽᾃޔ߈ߣߚߒუ⎕ᒛᒁߦ߆ߕࠊ߇ⅽᾃޔว႐ߚߒቯ઒ߣ୯ߩⅽᾃࠍ୯ᕈ‛ߩ᪞ࠣ
ߢᒻᄌᄖ㕙ߦ߆߿ߥߒ߇ოߩⅽᾃޔߦ߼ߚߩ᧤᜔ߩ᪞ࠣࡦ࡝޿߈ᄢߩᕈ೰ޔ߼ߚࠆߥߊߐዊ߽ࠅࠃᕈ೰ߩ᪞
᪞ࠣࡦ࡝ߥᨵߪოߩⅽᾃޔว႐ߩ᧚ᧁ߇᪞ࠣࡦ࡝ޔᣇ৻ޕࠆߓ↢߇⚛ⷐࠆߔਅ⪭ߡߒേṖߦะᣇᄖ㕙ޔߕ߈
ޕࠆࠇࠊᕁߣߩ߽޿ߥዋ߇ᢙ⚛ⷐࠆߜ⪭ࠅṖޔ߼ߚࠆ߈ߢᒻᄌߦᄖ㕙ߦ߆߿ߥߒߡߞߥߣ૕৻ߣ

ᓟ⑽52)d(      ᓟ⑽42)c(       ᓟ⑽32)b(       ᓟ⑽22)a(

ᓟ⑽92)h(      ᓟ⑽82)g(       ᓟ⑽72)f(       ᓟ⑽62)e(
)ਛ:ᐲᒝ㑆⚛ⷐⅽᾃޔZYX䉴䊷䉬ޔ㧑5₸⏕↢⊒ᐕ05(േ᜼ᤨ㔡࿾ߩ߈ߣ޿ߒ╬ߣⅽᾃ߇୯ᕈ‛ߩ᪞ࠣࡦ࡝9࿑
)ධ(X
Z )᧲(Y
)ධ(X
Z )᧲(Y
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(a)22⑽ᓟ       (b)23⑽ᓟ       (c)24⑽ᓟ      (d)25⑽ᓟ

(e)26⑽ᓟ       (f)27⑽ᓟ       (g)28⑽ᓟ      (h)29⑽ᓟ
࿑10 ࡝ࡦࠣ᪞ߩ‛ᕈ୯߇ᧁ᧚ߣ╬ߒ޿ߣ߈ߩ࿾㔡ᤨ᜼േ(50ᐕ⊒↢⏕₸5㧑䇮䉬䊷䉴XYZޔᾃⅽⷐ⚛㑆ᒝᐲ:ਛ)

એ਄ࠃࠅޔო߇৻૕ߣߥߞߡᄌᒻߢ߈ࠆ⒟ᐲߦᒁᒛᒝᐲ߇⏕଻ߐࠇࠆ႐วߦߪޔ೰ᕈߩዊߐ޿࡝ࡦࠣ᪞ߩ
ᣇ߇ⷐ⚛ߩ⪭ਅࠍ㒐ᱛߢ߈ࠆน⢻ᕈߩ޽ࠆߣ⠨߃ࠄࠇࠆޕ
㧠㧚߹ߣ߼

 ᧄ⎇ⓥߢߪޔࡀࡄ࡯࡞ߦታ࿷ߔࠆᱧผ⊛⚵Ⓧㅧᑪㅧ‛ߩ࿾㔡ⵍኂࠍࠪࡒࡘ࡟࡯࡚ࠪࡦߦࠃࠅ⹏ଔߒߚޕ઒
ቯߒߚࡕ࠺࡞ߢߪޔਛᒝᐲߩ႐วޔ50ᐕ⊒↢⏕₸10㧑ߩ࿾㔡േߦኻߒߡߪᒁᒛ⎕უ߇↢ߓࠆ߽ߩߩ⪭ਅߔࠆ
ⷐ⚛ߪ↢ߓߥ޿߇ޔ50ᐕ⊒↢⏕₸5㧑ߩ࿾㔡േߦኻߒߡߪ৻ㇱߩⷐ⚛߇⪭ਅߔࠆ⚿ᨐߣߥߞߚޕᧁ⵾ᩇߣߩ
ⶄว᭴ㅧߣߥߞߡ޿ࠆ⷏஥ߩოߩⵍኂ߇ዊߐߊޔ⚿ᨐߣߒߡᧁ⵾ߩᩇߩሽ࿷߇⵬ᒝߩᓎഀࠍᨐߚߒߡ޿ࠆߎ
ߣ߇⏕⹺ߐࠇߚޕ߹ߚޔᾃⅽⷐ⚛㑆ߩᒝᐲߦࠃߞߡⵍኂߩ⒟ᐲ߇ᄢ߈ߊ⇣ߥࠆߎߣ߇ࠊ߆ߞߚޕߐࠄߦޔო
߇৻૕ߣߥߞߡᝄേߢ߈ࠆ⒟ᐲߦᒝᐲ߇⏕଻ߢ߈ࠇ߫ޔ࡝ࡦࠣ᪞ߩ೰ᕈ߇ዊߐ޿ᣇ߇ო߇৻૕ߣߥߞߡߒߥ
߿߆ߦᄌᒻߢ߈ࠆߚ߼ޔ⪭ਅߔࠆⷐ⚛ᢙ߇ዋߥ޿⚿ᨐߣߥߞߚޕᑪ‛ߩ࿾㔡ⵍኂࠍㆡಾߦ੍᷹ߔࠆߦߪޔⷐ
⚛㑆ߩᒝᐲ߿࡝ࡦࠣ᪞ߩ೰ᕈߥߤࠍㆡಾߦ⹏ଔߔࠆᔅⷐ߇޽ࠆޕ
⻢ㄉ㧦ᧄ⎇ⓥߪޔᐔᚑ21ᐕᐲ┙๮㙚ᄢቇࠣࡠ࡯ࡃ࡞COEࡊࡠࠣ࡜ࡓ㧔⎇ⓥ⺖㗴ฬ㧦ᱧผㇺᏒࠍ቞ࠆޟᢥൻㆮ
↥㒐ἴቇޠផㅴ᜚ὐ㧕ߩ⎇ⓥᚑᨐߩ৻ㇱߢ޽ࠆޕߎߎߦ⸥ߒߡ⻢ᗧࠍ⴫ߔࠆޕ
ෳ⠨ᢥ₂
1) Amatya, S.: Monument conservation in Nepal, Vajra Publications, 2008. 
2) Rohit K.R.: Heritage homeowner’s preservation handbook, UNESCO, 2007. 
3) Parajuli, H.R., Kiyono, J., Ono, Y., and Tsutsumiuchi, T.: Design earthquake ground motions from probabilistic response spectra: 
Case study of Nepal, Journal of Japan Association for Earthquake Engineering, Vol.8, No.4, pp.16-28, 2007. 
4) JICA: ࡀࡄ࡯࡞࿖ࠞ࠻ࡑࡦ࠭⋆࿾࿾㔡㒐ἴኻ╷⸘↹⺞ᩏᦨ⚳ႎ๔ᦠ, 2002. 
5) Kiyono, J.: Immediate damage estimation of road bridges in Turkey just after an earthquake, Journal of Social Safety Science,
No.8, pp.41-50, 2006. 
6) Parajuli, H.R., Kiyono, J., Maskey, P.N., Shiotani, T., Momoki, S., Toki, K., Masuda, K., Taniguchi, H. and Furukawa, A.: 
Parametric study on old brick masonry walls by AE measurement, ╙27࿁ᣣᧄ⥄ὼἴኂቇળቇⴚ⻠Ṷળ, 2009. 
7)ߚߣ߃߫㧘ጟ↰ᷡ㧘ዊᩉᵶ㧘᣿⍹ᄖ਎᮸㧦࿯ᧁ᧚ᢱቇ㧘࿖᳃⑼ቇ␠㧘1998.
8) Ghannad MA, Bakhshi A, Mousavi Eshkiki SE, Khosravifar A, Bozorgnia Y, Taheri Behbahani AA.: A study on seismic 
vulnerability of rural houses in Iran. Proc.of the 1st European Conference on Earthquake Engineering & Seismology, No.680, 2006. 
9) Kiyono J., Kalantari A.: Collapse mechanism of adobe and masonry structures during the 2003 Iran Bam earthquake, Bulletin of 
earthquake research institute, University of Tokyo, Vol.79, pp.157-161, 2004. 
X(ධ)
Y(᧲) Z
－148－
